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GREAT LAKES W NTER WEATHER
AND | CE CONDI TIONS FOR 1982-83*

Raymond A. Assel, C. Robert snider’, and Regi nal d Law ence*

ABSTRACT. Wnter 1983 was one of the mildest winters in the past
200 years. (One result of the unusual w nter weather was the

m | dest overall ice season on the Geat Lakes since systematic
observations of ice cover extent on the Lakes were initiated sone
20-odd years ago. The 1983 winter devel oped during the peak of one
of the npst intense El Nino-Southern Oscillation events of this
century. An extrenely strong Aleution low that persisted nost of
the winter was associated with the mld tenperatures in the United
States. Monthly northern henispheric circulation patterns were
general |y weak; no general long wave patterns were able to persist;
and 700-mb hei ghts were above normal. Annual maxi mum ice coverage
on the Geat Lakes was nuch below normal: Lake Superior--21%
(nornal is 75%), Lake M chigan--17% (nornal is 45%), Lake

Hur on--36% (normal is 68%), Lake Erie--25% (normal is 90%), and
Lake Ontario--less than 10% (normal is 24% . The econom ¢ inpact
of the belownornmal ice cover included reduced U S. Coast Guard ice
breaki ng assistance to conmercial vessels, reduced U S. Coast Cuard
flood relief operations in connecting channels of the Geat Lakes,
and virtually no ice-related winter power |osses at hydropower
plants on the St. Marys, N agara, and St. Lawence Rivers.

1. I NTRODUCTI ON

Since the early 1960's, the annual Geat Lakes ice cycle has been syste-
matical |y docunented by charts showing the general pattern of ice cover extent
and concentration. Reports describing nost of the Ice cycles for the past 20
years are cited in "Glaciological Data" (Institute of Arctic and Al pine
Research, 1980). The 1977, 1978. 1979, and 1982 ice cycles were anong the
nost severe in the past 20 years; the 1983 ice cycle was anong the nildest.
Wnter 1983 is of particular significance because of the record |ow anount and
extent of ice cover; it establishes a lower linit of synoptic ice extent on
portions of the Great Lakes for the period of well-docunmented ice cover. In
this paper, we review the synoptic nmeteorology that was the primry cause of
the nuch below normal 1983 ice cover; we conpare the tenperature severity of
the 1983 winter to past winters; and we describe the normal progression of ice

*GLERL Contribution No. 429.
TNOAA, Nat i onal Weat her Service, Ann Arbor, M 48107.

*NOAA, National Environmental Satellite, Data, and Information Service,
Washi ngt on, DC 20233.



cover on the Geat Lakes and conpare seasonal maxinum ice coverage for wnter
1983 with maxinum ice cover climtology. The significance of the mld 1983
weat her and ice conditions is reviewed with respect to economc inpacts
attributable to this benchmark winter. Place names used in this article are
shown in figure 1 or in other figures.

2. SYNOPTI C DESCRI PTION OF THE W NTER

Wnter 1983 was one of the nmost noteworthy winters this century because
of the strong El Nino-Southern QCscillation phenonmenon that acconpanied it. A
detailed description of the climatic significance of that winter is given by
Quiroz (1983). Here we will describe some of the nmore salient features of the
synoptic meteorology of that winter relative to the Geat Lakes.

In sharp contrast to the recent severe winters of 1977, 1978, 1979, and
1982, the Geat Lakes had a very mld winter in 1983. Mst of the contiguous
United States had above-normal nean tenperatures, with the greatest positive
anonal y al ong the northern border (fig. 2). The sane pattern prevailed
t hroughout nuch of the northern hem sphere, with near-nornmal to slightly bel ow
normal tenperatures in the tropics and unusual nildness in the far north. The
greatest and npost persistent positive tenperature anomaly was in Eurasia
(Quiroz, 1983).

The weakened south-to-north tenperature gradient was associated with a
weakened westerly wind flow over nost of the hem sphere. No general |ong wave
pattern was able to persist. The basic wind flow over eastern North Anerica
was nostly fromthe west, rather weak, with many mnor perturbations.

In the Pacific, anomalously warm water (fig. 3) associated with the weak
coastal current off Peru and Ecuador (El Nino) dominated the tropical regions
and contrasted strongly with the nornmally cold water of the higher |atitudes
(Quiroz, 1983). A stronger than normal jet stream south of its normal posi-
tion {(Barrientos, 1984) steered stormafter storminto California. These
storns then noved eastward and weakened, bringing 150-200%Z above normal rain-
fall, Decenber to February, to the Gulf States and portions of the Pacific
coast, but barely affecting the Geat Lakes (U S. Departments of Agriculture
and Commerce, 1983).

The nonthly circulation pattern for the northern henisphere for Novenber
1982 through April 1983 is illustrated in figure 4; it shows 700-mb heights

and departures fromnornal. The flow pattern over all of the northern con-
tinents was weak, and in general the above-normal 700-mb hei ghts reflected the
presence of mld air masses. In Novenber there was weak blocking on the west

coast of North Anerica and a nodest broad ridge off the east coast. This
establ i shed warmer-than-nornmal air masses in the eastern states and cooler-
than-normal air masses in the north-central and far west. A strong trough
devel oped in the eastern Pacific during Decenber and set the pattern for the
winter. During January, February, and nost of March, an extrenely strong
Aleutian |ow was centered somewhat southeast of its normal position. There
were also very significant, though not quite as extreme, anonalies in the
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AVERAGE TEMPERATURE (°C)
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FI GURE 2a .--Average Wi nter tenperature (°C), Decenber 1982-February 1983.
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FI GURE 2b.--Winter tenperature departure (°C) froma 30-year nean.
Information on figure 2 is modified from Weekly Weather and Crop

Bulletin, vol. 70, no. 11, March 15, 1983.
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Atlantic. A strong lcelandic low was north of its normal position, displaced
by a well-devel oped ridge in the eastern part of the ocean. An intense jet
stream between them forced large quantities of mld maritine air into the
northern parts of Europe and Asia. The established circulation pattern broke
down conpletely in late March and early April and was replaced by a nonde-
script and seemingly unstable pattern. Perhaps its nost significant feature
is a weak trough over the Great Lakes, a reflection of the prevailing cool
weat her .

Maritime polar air masses of Pacific origin covered the |akes mst of the
winter. Precipitation was prinmarily due to overrunning from warner air nasses
to the south. The total seasonal precipitation around the Geat Lakes was
“ear normal, however, except around western Lake Superior, where a" abnormally
hi gh percentage of precipitation cane in the formof rain. Snow cover was a
short-lived rarity in the southern lakes region. A stormcenter noved east=
northeastward just south of the lower Geat Lakes on March 21, pushing fl ood-
waters into the southwest shore of ice-free Sagi naw Bay, and ushering in an
extended period of colder weather. Freezing began again on the upper G eat
Lakes. The mild winter was followed by a decidedly cold spring. However, the
change to colder weather came too late to have much effect on Geat Lakes ice.

3. WNTER SEVERITY
3.1 Monthly Mean Tenperatures and Their Anomalies

Wnter started early around Lake Superior. Belownormal November tem
peratures in that area are the only negative anonalies listed in table 1. The
contrast between cold air masses over Lake Superior and warner air masses in
the south and east produced a storm track that brought nmajor snow storms to
the | ake on Qctober 20-21 (fig. 5a) and on Novenber 11-12 (fig. 5b). Al though
warmer air advanced over all of the lakes during Decenber, a brief reestab-
lishment of this patter” brought another similar storm on Decenmber 27-28 (fig.
5¢).

Extraction of heat fromthe lake water to melt all this snow, in addition
to the early season low air tenperatures and the persisting snow cover on the
surrounding land, seened to augur a severe ice season on Lake Superior, but it
was not to be. The strong positive air tenperature anomaly that had been
centered along the southern edge of the Geat Lakes Region in early wnter
spread northwestward and was centered northwest of the |akes by winter's end.

Monthly mean tenperatures nore than one standard deviation above nornal
occurred over all the lakes during each of the winter nonths. Mrch also
averaged above normal everywhere, though by the end of that nonth considerably
col der weat her had set in.

3.2 Freezing Degree-Days

The accumul ation of freezing degree-days (FDD's) began early--Novenber 3
at Duluth, M\, and Novenber 4 at Marquette, M. By the end of Novenber,

9
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TABLE | .--Mnthly mean air tenperature and anonalies

November 1982 December 1982 January 1983 February 1983 March 1983

Mean Anoma ly Mean Anoma |y Mean Anoma ly Mean Anoma |y Maan Anomaly

C® (F°) C°® (F*) ce (F®) cCc* (F™ C® (F°) C° {(F) c* (F*) C° (F*) c® (F*y C° (F*)
Duluth, MN ~4,2(24,4) -2,2(-4,0) -6,9(19,6) 2,9 (5,2) -10,4(13.2) 3.8 (6,9 -6,1(21.1) 5,1 (9,1) -3,6(25,6) 1,5 (2.7
Marquette, Mi -1.6(29.1) -0,2(-0,3) =-2,7(27.2y 2.1 (3,70 -7.8(18,0) 3,3 (5,9) -5.6(21.9) 4,2 (7.6} -3,3(26,0) 1,6 (2.,8)
Sault Ste, Marie, Mi  0.2(32,3) -0,3(-0,5) =-4,2(24,5) 2,4 (4.4) -8,9(15,9) t.4 (2,6) =5,7(21,7) 3,7 (6.7) -2.5(27.5) 2.0 (3.6)
Green Bay, Wi 0.7(33.3) -0.4(-0,8) =2.2(28,0) 3,9 (7.1) =-5,9(21.,4) 4.1 (7.4) -3,2(26.3) 4,7 (8,5) -0,5(31,1) 1.4 (2,5
MiIwaukee, Wl 3.3(38,0) 0,8 (1.5) 0.7(33.2) 5.0 (9,0) =3,1(26.4) 4.3 (7.7) =1,4(29.,4) 3,6 (6,4) 1.7(35.0) 1.6 (2.9
South Bend, IN 5.8{42,5) 1.6 (2,90 3,9(39,0) 6,0010,8) -1,5(29.,3) 3.4 (6.1) 0.,7(33,2) 3.8 (6.,8) 4,6(40,2) 2,3 (4,2)
Muskegon, Ml 4,6(40,3) 0,6 (1,10 2,1(35.,7) 4,0 (7,2) -2.,8(26.9) 2.V (3.,8) =-1,0(30.2) 3,3 (6.0) 2,4(36.,4) 2,0 (3.6)
Alpena, Mi 2,2¢(36.,0) 0,6 {(1.1) -0,3(31.,4) 4.4 (8,0) =5,4(22,2) 2,7 (4.8) =~3.8(25.1) 3,9 (7.1) =0,7(30,8) 2,2 (4,0)
Detrolt, Ml 5.3(41,6) 0.8 (1,5}  2,9(37.3) 4,9 (8,8} -1,8(28,7) 2,9 (5.3) -0,2(31.6) 3.2 (5.8) 3.6(38.4) 1.9 (3.,4)
Toledo, OH 5.4(41,8) 1,2 (2,2) 2.6(36,6) 4.8 (8,6) -2,4(27.6) 2.5 (4.5) -0.8(30,5) 2.6 (4,7) 3.3(37.9) 1.4 (2.5
Cleveland, OH 7.4(45.,4) 2.1 (3.8) 4.,7{(40,5) 5,7(10,2) =0.7(30.7) 2.9 (5.2) 1,1(33.9) 3,6 (6.5} 4,9(40.8) 2.3 (4,2)
Buffalo, NY 6.1(43,0) 1.8 {3.2) 3,1(37.5) 5.3 (9.6} -2,8(27.0) 1,9 (3.5) =1,3(29.6) 2.8 (5.1) 2,6(36.7) 2.1 (3.7)
Rochester, NY 6.3(43.4) 1.6 (2,9) 3,0(37.4) 5.1 (9.1) =2,6(27.,4) 2.1 (3.8) -1.6(29.1) 2,6 (4,7) 2.9(37.2) 2.2 (3.9)




FI GURE 5-Upper midwest enow in centinmeters (a) Cctober 19-21,
{b) Novenber 11-12, 1982,

Dat a,

October 19-21, 1982

Minnesota

Lake Superior

10

Lake Michigan

November 11-12,1982 /o
| O/ 2 gé/
ta

Minnes

) 41.%\

Wisconsin

Lake Superior

L ate Michigan

1

fe) Decenber 27-28, 1982,

vol.24, no. 10-12.

11

1982,
modi fied from Storm



Lake Superior

December 27-28, 1982
Minnesota/ /

South 15

Dakota 20 2

&

Wisconsin
15
4 0 25 20/
/owa

FI GURE 5.~=Upper midwest smow in centineters (a) Cctober 19-21, 1982,
(b} November 11-12, 1982, (e) Decenber 27-28, 1982, nodified from Storm
Dat a, UOZ- 24, no. 10"12 (CO?’Iﬁ.J-

Lake Michiaan

)

accunul ations were 198% of normal at Duluth; 68% at Sault Ste. Marie, M; 164%
at Green Bay, W; and 230% at Al pena, M. As usual, there were at this tine
no accumul ations of FDD's at nore southerly |ocations.

Freezing took place nore slowy during December and was interrupted by
thawi ng on several occasions. During the first few days of the nonth, FDD
accunul ations fell below normal everywhere except on western Lake Superior,
and by Decenber 23 even Duluth was bel ow normal. This pattern continued
t hrough January with very slow freezing on Lake Superior and periods of
thawi ng el sewhere. Cleveland, OH had zero accunul ation as |ate as January

11.

On February 13 or 14, stations throughout the |akes reached peak FDD
accumul ations, averaging about half the normal. The seasonal thaw then began,
al though some further freezing took place on Lake Superior and Geen Bay late
in the nonth.

After the cold frontal passage on March 21, significant accumul ations
began again at northern stations, and higher peaks were reached there on March
30 or 31. These, anong the largest accumulations of the winter, were still
too small to permt the formation of any significant ice.

Maxi mum FDD accunul ations for the 1982-83 season are given in table 2;
they were used to classify winter severity by Assel's (1980) method for those
stations in table 2 that did not have a discontinuity in station |ocation.

12



TABLE 2. --Freezing degree-days for witrz982-83

Maximum Nor nal Wnter
FDD's maxi num % of Normal severity
station °C  (°F) Date °C (°F) normal date class*
Dul uth, M 929 (1672) 3/30 1267 (2281) 73 4/02 MN
Marquette, M 703 (1265) 3/30 -
Sault Ste. Marie, M 634 (1141) 3/23 1008 (1814) 63 4703 M
G een Bay, W 366 (659) 3/30 790 (1422) 46 3/21 M
M | waukee, W 186 (335) 2/13 500  (900) 37 j/10 M
Chicago, IL 167 (301) 2/13 -
Miskegon, M 141 (253} 2/13 370 (666) 38 3/11 M
Al pena, M 326 (587) 3/31 670 (1206) 49 3/28 M
Detroit, M 107 (192)  2/14
Tol edo, OH 143 (258) 2/14 307 (553) 47 3/10 MN
Ceveland. OH 71 (128) 2/13 246 (443) 29 3/02 MN
Buffal o, NY 161 (290) 2/14 361 (650) 32 3/11 MN
Rochester, NY 154 (277) 2/14 364  (655) 42 3/11 MN

*After Assel (1980): M= nild, MN = mlder than normal.

Using that classification on 10 stations, the winter was classified as mld at
5 stations and as nmilder than normal at the remaining 5 stations.

3.3 Conparison Wth Previous Wnters

In an earlier study (Quinn etal., 1978), Snider defined an index of
winter severity. This index combines nonthly mean tenperatures from Novenber
through February at Duluth, Sault Ste. Marie, and Detroit, M, and Buffalo,
NY. The index was found to correlate strongly with the mass of ice formed on
the Geat Lakes during an unusually cold winter. Details given bel ow suggest
that the correlation is not quite so high in a mld winter. Nevertheless, for

13



the sake of uniformty, indices were calculated by the nethod described in
that earlier study for all the mld winters between 1783 and 1983. The 20
war mest (first deeile) years of the two centuries are tabulated in table 3.
Note that 1982-83 was the 10th warmest winter of the 200 years; 95% of all
winters were colder. Wnter severity indices for the warnest 10% of winters
range from+0.1to -3.4. For the coldest 10%, they range from-6 to -9. Each
of the winters that proved to be warner than 1982-83 is described briefly

bel ow in order of their rank.

3.3.1 winter 1931-32

January 1932 was the warmest in history at Buffalo, Detroit, and Sault
Ste. Marie. February was the ninth consecutive nonth of above-normal tem
peratures throughout the Geat Lakes. The 1931 shipping season closed
December 16, with the crew on the final ship reporting no ice between Duluth
and Cleveland. At the end of February, the Straits of Mackinac were still
"pen and there was no ice at all in the southern lakes.' This mldest of all
wi nters ended abruptly with a severe cold frontal passage on March 7. March
was the coldest nonth of the year, and well below nornmal tenperatures per-
sisted through April. Western Lake Erie and Lake St. Clair froze over on
March 9, and new ice was observed everywhere. The |ast windrow across the
head of the St. Marys River cleared on April 29.

3.3.2 Wnter 1877-78

This winter was especially mld on Lake Superior. February was warner at
Duluth than at either Detroit or Buffalo. Ice cleared from Duluth harbor
February 18, and the first ship arrived March 17. Marquette Harbor was only
intermttently ice covered during January and February. Lake M chigan, except
Geen Bay, was ice free throughout the winter. The Port of Escanaba opened
March 5 and Green Bay was ice free by March 16. The first transit of the
straits, on March 15, encountered no ice. Lower Geat Lakes ports opened
early. Buffalo was ice free from February 28.

3.3.3 Wnter 1881-82

Mean tenperatures during December 1881 and February 1882 were the highest
recorded during those nmonths in 156 years of observations at Detroit.
Navi gation was essentially unhindered except for mnor problems on Lake
superior. Ports opened whenever cargoes were ready, beginning at Al pena on
March 2. lce disappeared from Duluth and Marquette Harbors by Mrch 3, but
was encountered drifting on Lake Superior until at least Mrch 20.

3.3.4 Wnter 1850-51
Novermber was very warm and the bel ownormal tenperatures of Decenber

failed to produce nuch ice. January was stormy, with rapid variations in tem
perature. \Vell above normal nea" tenperatures in January were followed by

14



TABLE 3.--The 20 mi | dest winters on the Great Lakes, 1783-1983

Rank W nter Severity index Col dest nonth
| 1931- 32 +0.1 Mar ch
2 1877-78 ~0.5% January
3 1881- 82 -1.0% January
4 1850-51 -1 .0* Decenber
5 1918-19 -0.3 February
6 1889- 90 -1.5 Mar ch
7 1952- 53 -1.9 January
8 1948- 49 -2.0 February
9 1930- 31 -2.1 January
10 1982- 83 -2.2 January
11 1920- 21 -2.3 January
12 1794- 95 =2.5% January
13 1879- 80 =2.5% Decenber
14 1896- 97 -2.9 January
15 1862- 63 -3,0% February
16 1843- 44 -3.0% January
17 1902- 03 -3.2 January
18 1954-55 -3.4 January
19 1939- 40 -3.4 January
20 1943- 44 -3.4 Decenber

*Data prior to 1888 were not of sufficient quality to justify means with 0.1
precision. They have been rounded off to the nearest 0.5°C.
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progressively larger positive departures from normal in February and March.
By the tine any prudent mariner was ready to venture onto the |akes, no signi-
ficant ice renained.

3.3.5 Wnter 1918-19

The winter nonths all had above-average tenperatures. Lake Erie ports
were never closed by ice. Ice at Duluth and Sault Ste. Marie was nuch thinner
than normal. By March 27 nearly all of the ice was gone from the upper G eat
Lakes. The Sco Locks opened on April 9.

3.3.6 Wnter 1889-90

A ship arrived at MI|waukee, W, from Port Huron, M, on January 6. The
straits were still open January 31. The first ice appeared on Soo Harbor
January 9. Thunder Bay had intermittent partial ice cover from January 16,
but did not freeze over until March 15. The Port of Al pena opened March 31.
Regul ar service between Detroit and Cevel and began February 28. The straits
froze over April 1 and opened April 16.

3.3.7 Wnter 1952-53

A voyage from Detroit to Ashtabula, OH was nmade on February 10, 1953.
This is the mildest winter for which aerial reconnaissance is available. In
| ate February, less than 20% of Lake Superior was ice covered; the other |akes
had ice only near shore.

3.3.8 Wnter 1948-49

The lower Geat Lakes remmined practically ice free throughout the
winter. The straits never froze solid. The Soo Locks opened March 26, and
Dul uth Harbor opened March 27.
3.3.9 Wnter 1930-31

Port openi ngs everywhere were early. About 46 cmof fast ice forned in
the Straits of Mckinac, and heavy windrowi ng caused |ocal problens.

3.4 Typical lce Conditions in a Mld Wnter

In all of the winters discussed above, ice cover was mninal at the end
of February. But conditions varied considerably during the March and April
opening of the navigation season. The Wnter Severity Index, which was deve-

| oped for the study of extended winter navigation, is not as applicable to
spring opening as it is to fall freeze-up.
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Oak (1955) found that no neteorol ogi cal parameter, or comnbination of
parameters, available in early March correlated as well with port opening
dates as did the February mean temperature. The present study substantiates
his conclusion. Conditions earlier in the winter have little effect on the
progress of ice breakup.

Eve" in the mldest winter know' on the Geat Lakes, enough heat is

extracted from the water by the end of February that ice can form quickly
whenever FbD's occur. This can continue well into spring.

Only four times in 200 years has March been the col dest nonth of the
winter. On two of these occasions--1889-90 and 1931-32--March fol | owed an
extremely mld winter, and each tinme, new ice formed on previously open water
during the season when nelting normally occurs.

4, NORVAL SEASONAL | CE COVER PROGRESSI ON AND THE 1983 GREAT LAKES | CE CYCLE
4.1 Data

Information on the normal maximum i ce cover and nornal seasonal progres-
sion of the Great Lakes ice cover was abstracted from Assel et al. (1983) and
data on yearly maximum percentage ice cover was abstracted from DeWittet al.
(1980). Information for the 1983 ice cycle was abstracted fromice charts (1)
produced by the National Wather Service and the Navy as described by Jacobs
et al. (1980), and by the Atnospheric Environment Service (AES), |ce Branch,
Otawa, ON, Canada, and (2) from satellite inages nade from the Geostationary
Qperational Environnmental Satellite (GOES) and provided by the National
Environnental Satellite, Data, and Information Service (NESD S), Washington,
DC.

The seasonal progression of the 1983 Geat Lakes ice cover is illustrated
in a series of GOES visible inmages (fig. 6). Estimates of the generalized
distribution pattern of ice concentration near the time of seasonal maximum
ice cover for the 1983 winter and for a normal winter are given in figure 7.

A series of detailed ice charts that contain information on ice concentration
and distribution patterns of the Geat Lakes ice cover is available from
NESDI S, National Snow and Ice Data Center, Boul der, CO and from AES, Ice
Branch.

4.2 Lake Superior

I ce cover on this nost northerly and westerly of the Geat Lakes is
usually confined to bays, harbors, and the exposed |akeshore through the end
of January. The areas in the shore zone where ice formation occurs in
Decenber and January are the waster” tip of the lake; the Apostle Islands;

Ni pi gon, Bl ack, and Thunder Bays along the north-central shore; Keweenaw Bay
along the south-central shore; Wiitefish Bay at the southeastern end of the
Lake; and M chipicoten Bay along the east-central shore. During the first
hal f of February, ice normally forms in the open | ake area of the western half
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FI GURE 6a.--GOES VISSR (visible) image for January 21, 1983. Hote ice covers in shore areas: Lake
Superior (Thunder Bay, Black Bay, Nipigom Bay, Apostle Islands, shore of Witefish Bay), Lake Michigan
(portions of Green Bay, the Straits of Macki nac westward), Lake- Huron (the St. Mary8 River,, Straite of
Macki nac eastward, portions of North Channel, Georgian Bay, Saginaw Bay, lakeward of other shores).
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FI GURE 6b.——GOES VI SSR (visible) image for February 10 1983. Ice cover is still confined primarily to
shore zone: Lake Superior (Apostle Islands, southeastern shore, and Witefish Bay), Lake M chigan
(Straits of Mackinac westward, Geen Bay), Lake Huron (St. Marye River, North Channel, nuch of Georgian
Bay, Sagi naw Bay, the entire | ake perineter). Lake St. Clair (almost conpletely covered), Lake Erie (the
western end of the |ake and possibly along the northern shore), Lake Ontario { the Bay of @Quinte and the
extrenme northeastern section of the |ake. )
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FI QURE 6c.~GOES VI SSR (visible) image for February 26, 1983. Ice is observed in Lake Superior (the three
north-central bays, eastern half of Whitefish Bay), Lake M chigan (Green Bay--with | arge area of open'
water or newice in the northern end of the Straits of Mackinac westward), Lake Huron (St. Mary8 River,
Straite of Mackinac eastward, North Channel, shore of Georgian Bay, Saginaw Bay now show ng open water
or new ice along the western shore), and Lake8 St. Clair, Erie, Ontario (ice deteriorating rapidiy).
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FI GURE 6d.--6GOES VI SSR (visible) imge for March 25, 1983.
Great Lakes: Lake Superior (south of Apostle Islands,
north-central bays, and in Witefish Bay),

Bay, shore area of Strait8 of Mackinac westward), Lake Huron (St.

Bois Blanc Island, North Channel --ice now show ng signs of deterioration--northeastern Georgian Bay and
shores of Saginaw Bay!.

The remaining ice 1S confined to the northern

between Isle Royal and the mainland, the three

Lake Mchigan (northern and southern shore area8 of Geen
Mary8 River, Straits of Mackinac to
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FI GURE 6e.~~GOES VI SSR (visible) image for April 8, 1983. Lakes Superior and Mchigan are virtually ice
free except for the three north-central bays and south of the Apestle |slands on Lake Superior and the
extreme northern and southern tips of Green Bay on Lake M chigan.
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FI GURE 6f.—GoES VI SSR (visible) imge for April
for ice in Thunder, Black, and Nipigon Baye al ong the north-central shore of Lake Superior).

20, 1983.

The (Feat Lakes are virtually ice free (except
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FI GURE 7.--Estimated maxi mum ice cover for 1983 conpared to normal maximum ice
cover nodified from Aesel et al.(1983). Maximum ice cover in 1983 occurred
the first half of February; it normally occurs the second half of the nonth.
Wormal and 1983 estimated seasonal maximum ice cover8 are: Lake Superi or
75% (21% in19831, Lake M chigan 45% (17% in 19831, Lake Huron 68% (36% in
1983), Lake Erie 90% (25% in1983), and Lake Ontario 24%(10% or less in
19831.

of the lake. During the last half of February, ice normally forms in the
deeper, eastern half of the lake. Although ice usually reaches its maxinmm
areal extent in the last half of February or early March, ice sonetines con-
tinues to formin the open lake through March. Midlake ice cover is usually
di ssi pated by the second half of March or the first half of April. Bay and
harbor ice can last into My.

The initial ice formation period in the shore zone of Lake Superior was
di scontinuous during the 1983 ice cycle as episodes of ice formation and
increasing ice cover extent alternated with episodes of no ice growh and even
some ice loss. Early in the new year, mld air tenperatures and high winds
reduced ice cover that had formed in Decenber in such areas as Thunder Bay and
Wiitefish Bay. A large high-pressure center drifted across the Geat Lakes
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from January 17 to January 20, bringing bel ownornmal air tenperatures and |ow
wi nds--ideal ice-fornming weather. Accordingly, ice cover in the shore zone of
Lake Superior increased in nost bay and harbor |ocations and al ong many
exposed sections of the shoreline as well. There were two other episodes of
mld temperatures centered around January 23 and January 29 and one period of
bel ow normal tenperatures centered around January 26. The net result was a"
increase in ice cover along the southwestern shore frombDuluth to the Keweenaw
Peni nsul a, between Isle Royale and the mainland, and eastward from there along
the northern shore to Marathon, ON. At the mouth of Witefish Bay there was
actually a net loss of ice cover. Generally below normal tenperatures the
first week in February brought new ice formation along the southeastern shore
from Keweenaw Bay to Witefish Bay and along the northeastern shore from
Nipigon Bay to M chipicote" Bay. The existing ice cover in other areas of the
shore zone increased in concentration or lakeward extent or both, but the
midlake area of Lake Superior remmined virtually ice free. The percentage of

| ake surface covered by ice was estimated to be at its greatest seasonal

extent on February 8, at which time 21% of the surface area of the |ake was
ice covered. This is much below the normal seasonal mnaximum ice cover of 75%
Qther winters during the past 20-odd years with simlar maxi mumice covers for
Lake Superior are the 1965 and 1975 winters, when the |ake was estimted to be
31% and 30% ice covered, respectively.

Above-freezing air tenperatures for nmuch of the second and third weeks of
February resulted in the loss of nuch of the existing ice cover. By the 22nd
of February, nost of the shore zone was ice free, with the exceptions of the
Duluth vicinity and the Apostle Islands in the western end of the Lake, the
| ake between |sle Royale and the naminland and Thunder, Bl ack, and N pi gon Bays
along the north-central shore; and Keweenaw Bay and the shore areas of
Wi tefish Bay along the south-central and southeastern shores.

The abnormally springlike tenperatures continued through the first week
of March and effectively ended prospects for any significant new ice formation
on Lake Superior. The deterioration and |oss of existing ice covers continued
so that by March 8 the bulk of existing ice cover on Lake Superior was |ocated
in the three northern shore bays and the Apostle Islands. Thus, during the
first half of March, when Lake Superior is nornally 67% ice covered, the |ake
was well under 10% ice covered, and nuch below the 20-year norm A period of
much bel ow normal air tenperatures, Mrch 20-25, cane too late to have any
significant effect on the 1983 ice cycle. The existing ice covers on bays and
harbors gradually deteriorated during April and early My, ending the mil dest
i ce season on Lake Superior since the beginning of systematic observations of
Geat Lakes ice cover in the early 1960's.

4.3 Lake M chigan

Lake Mchigan has the longest north-to-south axis (494 kn) of the five
Great Lakes. Ice formation on the northern half of the |ake starts earlier,
lasts longer, and is nore extensive than that on the southern half of the
| ake. lce cover usually forns first during the last half of Decenber in Geen
Bay, in the shore area of the Straits of Mckinac, and in other shallow shore
areas located in the northern end of the lake. Ice formation occurs along the
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entire lake perimeter in January and the first half of February, and during
this period Geen Bay and the Straits of Mckinac out to Beaver Island usually
freeze over. From the second half of February through the mddle of Mrch,
ice forms in the "pen |ake. The lake usually attains its greatest seasonal
ice cover extent the last half of February. The normal seasonal naximm ice
cover is 45% lce formation usually ends on the southern half of the |ake by
m d- March, while belowfreezing air tenperatures prolong the ice fornmation
period on the northern half of the l|ake through the end of March. [Ice cover
al so progressively deteriorates throughout March as |onger and more intensive
thaw periods gradually advance from the southern to the northern end of the

| ake as the nonth progresses. By the mddle of April, the bulk of the ice
left in the lake is |ocated once nore in Geen Bay and fromthe Straits of
Macki nac to Beaver Island. Ilce cover in these and other shore areas can | ast

t hrough the end of April.

The 1983 Lake Mchigan ice season began in a normal enough manner, wth
ice formation taking place in the shallow areas of Geen Bay during the second
week of December 1982. However, above-normal air tenperatures during the |ast
hal f of Decenber prevented further significant ice formation. Ar tenpera-
tures continued to be above normal over Lake Mchigan during the first half of
January. Despite the mld weather, an extensive ice cover formed over Geen
Bay. Assel et gl. (1983) indicate that, during a 20-year base period (1960-
79), the shall ow waters of Green Bay have persistently forned ice cover during
the first half of January; thus the 1983 ice cover was not unusual. Below—
normal air tenperatures and |low wind speeds at Geen Bay brought a new spurt
of ice formation on the northern portion of Lake Mchigan from January 16 to
January 19. New ice forned fromthe Straits of Mckinac to Beaver |sland
during this tine. The second half of January, however, brought above-nornal
daily average tenperatures and daily maxi num values of greater than 0°C
(32°F), reducing the concentration of existing ice cover in Geen Bay and the
straits. There was little or no significant ice formation over the renainder
of Lake Mchigan. Two episodes of low air tenperatures in the first week of
February (February 4-5 and February 7-8) were associated with new ice for-
mation in the northeastern section of the |ake from Beaver Island to South Fox
Island and along the southwestern shore from just north of MIwaukee to South
Bend, IN

The Lake Mchigan ice cover was estimated to be at its greatest areal
extent for the 1983 winter on February 8. On that date the |ake was estimated
to be 17% ice covered. This is about one-third the normal maxinum ice cover
of 45% Qther winters with seasonal maximum ice cover of less than 20%
include the winters of 1964 (13%), 1966 (15%), and 1969 (15% . The ice cover
in northern Lake M chigan began to recede and decrease in concentration the
second week of February. Wth the exception of 4 days, daily average tem
peratures at Green Bay were above freezing every day during the last half of
February, and as a result, ice covers continued to decline. By Mirch 1 there
was a large area of open water at the nouth of Geen Bay, and ice cover in the
straits had receded to the north and to the east of the northern half of
Beaver Island. Ice continued to melt in March because of continuing mld tem
peratures. One last episode of low air tenperatures, March 22-25, produced a
very transitory ice cover on Green Bay and perhaps other shallow areas of the
| ake, but for all practical purposes, the 1983 ice season was over. By March
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25 the straits were virtually ice free. Ice continued to linger in the shore
areas of Green Bay to about the niddle of April. Geen Bay was observed to be
ice free on April 21, ending one of the mldest Lake M chigan ice seasons on

record.

4.4 Lake Huron

Li ke Lake M chigan, Lake Huron (excluding Georgian Bay) also has its
major axis in a north-south direction, facilitating ice formation at the
northern end of the lake during early winter and ice loss at the southern end
of the lake during early spring. This lake is the second shallowest of the
G eat Lakes, deeper only than Lake Erie. Typically, Saginaw Bay to the south
and the North Channel and the shore areas of Georgian Bay and the Straits of
Mackinac to the north begin to formice covers in Decenber. By mid-January
most of these areas, excluding the deeper section of Georgian Bay, are 90-100%
ice covered. Ilce formation continues in enbayments and along the more exposed
areas of the lake perimeter the last half of January and the first half of
February. Georgian Bay usually becones 90% ice covered the first half of
February. Significant ice formation in the deep midlake areas of Lake Huron
begins the second half of February, and the ice cover is normally at its
seasonal maxi num extent during that period. The lake is normally 68% ice
covered at the tine of maxi mum areal ice coverage. |ce covers in midlake
areas and the southern end of the |ake begin to decline the first half of
March, while bay and harbor ice covers usually start to break up during the
second half of the month. There is usually no ice in the midlake area by the
first half of April. The main body of ice left in the |ake by md-April is
usually located in the North Channel and Georgian Bay at the northern end of
the lake and agai nst windward shores along the entire length of the |ake. Ice
covers continue to dissipate the second half of April and into early My,
ending the ice season.

During winter 1983, shore ice that had fornmed at the head of Sagi naw Bay
during the second half of Decenber 1982 nelted before the end of the nonth
because of above-freezing air tenperatures. Average daily air tenperatures at
Al pena renmi ned above normal through md-January, with daily maximm tem
peratures above freezing on eight occasions. Despite these nild tenperatures,
Sagi naw Bay, the North Channel, and the northeastern shore of GCeorgian Bay had
formed significant ice covers by mdmonth. The period of belownormal air
tenperature, January 16-21, was associated with the passage of an intense
hi gh-pressure area over the Geat Lakes and caused ice to from over the entire
perimeter of Lake Huron. The straits to Bois Blanc Island and the North
Channel were virtually 100% ice covered by the end of the third week in
January. Wth the exception of February 7-12 and March 20-25, tenperatures at
Al pena were above normal and often above freezing during February and March.
The maximum seasonal ice extent on Lake Huron occurred near February 8, when
the |ake was estimated to be 36% ice covered. This is about half the nornal
maxi num seasonal ice cover extent of 68% Georgian Bay did not forma 90%ice
cover the first half of February as it normally does, and the midlake area did
not formsignificant ice cover the second half of February as it normally
does. Qther winters during the past 20 years with less than 40% ice cover on
Lake Huron include winter 1964 (34% and winter 1966 (29%. A period of
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extremely mld air tenperatures occurred February 13-23, effectively ending
any further significant ice formation on Lake Huron. During this period,
daily average air tenperatures at Alpena only dipped below freezing on two
occasions and mninmumdaily tenperatures were above freezing on four occa-
sions. By February 22 the only significant ice in the shore zone was | ocated
in Saginaw Bay on the southern half of the lake and in the Straits of

Macki nac, the North Channel, and the northeastern shore of Georgian Bay on the
northern half of the lake. March ice cover was much below nornmal. Usually,
Lake Huron is 53% ice covered the first half of March and 41% ice covered the
second half of March. During March 1983, the |ake was well below 20%ice
covered the entire nonth. By April 8 the only significant ice on Lake Huron
was |ocated on the North Channel. By April 22 even the North Channel was vir-
tually ice free, ending the 1983 Lake Huron ice cycle.

4.5 Lake St. Cair

This lake has a nean depth of 3.6 m and a surface area of only 1,113 km?,
putting it in a class of lakes different fromthe five Great Lakes.
Di scussion of Lake St. dair ice cover is included here because this lake is
part of the connecting link of waterways between Lake Huron and Lake Erie.
Because Lake St. Cair is so shallow and snall conpared to the Geat Lakes,
diurnal air tenperature changes can cause significant ice cover changes over
virtually the entire lake surface. Lake St. Clair is normally nearly 100% ice
covered in January and February and about 75% ice covered the first half of
March. It normally loses nost of its ice cover the second half of Mrch.

It is estimated that, during winter 1983, ice initially forned the second
week of Decenber. The period of extensive ice cover included the first week
of January, January 18-21, and nost of the second and part of the third week
of February. Ar tenperatures were below normal and below freezing for all ot
part of each of these periods, and the |ake was estinmated to be at |east 70%
ice covered during these periods. MIld air tenperatures the second half of
February brought an abrupt halt to any further significant ice fornation.

Lake St. Clair was virtually ice free by March 11.

4.6 Lake Erie

This is the shallowest of the Great Lakes, with a mean depth of only 19
m Its shallow western basin is usually the first midlake area of the |ake to
formice, and its deep eastern basin usually the last. Because this lake is
oriented with its length axis parallel to the prevailing winds, during ice
breakup the western end of the lake is usually first to lose its ice cover and
the eastern end usually |ast.

The first half of January, the lake west of Point Pelee is usually at
| east 90% ice covered. The midlake basin usually becomes 70-90% ice covered
during the second half of January. In February the entire lake is normally
90-100% ice covered and at its greatest areal ice extent for the winter. By
the end of the second half of March, the western half of the lake is usually
ice free and the lake is only 26% ice covered. The remaining ice cover east
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of Long Point is gradually dissipated over the next month and nornally covers
only 3% of the lake by the end of April. The ice on the eastern end of the
lake is usually lost in the second half of April or the first half of May.

Ice formation in the shore zone of Lake Erie began the second week in
Decenber 1982. By mid-January the | ake west of Point Pelee was 70-90% ice
covered. Belownormal air tenperatures January 16-20 acconpanied a spurt of
new ice formation in the eastern end of the |ake, east of approxinately
Dunkirk, NY, as well as in shallow areas along the |ake perineter. The ice in
the eastern end of the |ake was gone by the first of February. A second
significant period of ice formation occurred the first half of February,
February 4-14, during which time air tenperatures were predonmnately bel ow
normal, Average daily air tenperatures the second half of the nonth were
above nornal and, with the exception of 2-3 days, they were also above
freezing, effectively ending ice formation.

Lake Erie was estimated to be near its seasonal maxinum ice cover extent
February 8, when approximately 25% of its surface area was ice covered. The
next |owest maximm ice cover during the last 20 years occurred during the
winters of 1975 (80% and 1969 (80%. Thus, the 1983 ice cover is virtually
without parallel over the period of well-documented ice cover and so estab-
lishes a historic benchmark of mnimumice cover extent for a given wnter
season for at |east the past two decades. During the first half of February,
the | ake west of Point Pel ee was 70-90% ice covered, the | ake east of Long
Poi nt was 10-20% ice covered, and the perimeter of the lake was lined with
various amounts of shore ice. The second half of February ice cover dinin-
ished so that by nmonth's end the only large area of ice cover was |ocated
west of Point Pelee. The ice continued to dissipate the first week of Mrch
so that by the end of that week the ice season on lake Erie was at an end for
all practical purposes.

4.7 Lake Ontario

Lake Ontario has the second greatest nmean depth and the snallest surface
area of the five Geat Lakes. In addition, its southerly and easterly expo-
sure provides it with nilder air tenperatures than those of Lake Superior and
of the northern portions of Lakes Mchigan and Huron. The large heat reser-
voir formed by this lake and relatively mld air tenperatures conbine to pro-
duce the | east extensive ice cover of the five Great Lakes. lce cover usually
forms first in the Bay of Quiante and the enbaynents along the northeastern
shoreline. By the end of January, the shore areas and northeastern section of
the lake form an extensive ice cover, but the midlake area remains relatively
ice free for the entire winter. The maxinum seasonal ice extent usually
occurs the second half of February, when the lake is nornally 24% ice covered.
By March 15 the lake is usually only 10% ice covered and a nonth later, April
15, the lake is virtually ice free.

Because of the extremely mild weather during winter 1983, there was no
regul arly schedul ed observation of ice cover extent on Lake Ontario. However,
a limted number of observations were made during February. From these obser-
vations and air tenmperature records at Kingston, ON, it is estimated that the
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maxi mum seasonal ice cover extent on Lake Ontario occurred during the second
week of February and that during that week ice was present in the shore zone
in the vicinity of Burlington, ON, in the western end of the |ake and in the
Bay of Quinte end the heed of the St. Lawence River in the northeastern sec-
tion of the lake. Wiile no calculations of percentage ice cover were made
because of this linted data record, it is safe to say that at nost only 10%
of the lake was ice covered. Wnters during which Lake Ontario had 10% ice
cover or less during the last 20 years include the winters of 1965 (10%Z), 1968
(10%), 1969 (10%), and 1971 (109%.

5. ECONOM C IMPACT OF A M LD WNTER

The primary economc inpact of the below normal ice cover on the Geat
Lakes relates to winter navigation, shore flooding, hydropower generation, and
possibly shore erosion. During this past decade, attention has been given to
extending the navigation season on the Geat Lakes and the St. Lawence Seaway
as a result of a Congressionally funded program to denonstrate the feasibility
of winter navigation on the Geat Lakes (U S. Arnmy Corps of Engineers, 1979).
During winter 1983 w nter navigation would have been possible for virtually
the entire Winter with only a mniml anount of icebreaking assistance,
resulting in savings of hundreds of thousands of dollars in operating and fuel
costs associated with ice breaking operations and aircraft costs for ice
reconnai ssance flights. The cost of operating an Arctic class U S. Coast
Quard ice breaker in the Great Lakes is $3,085 per hour, while the cost of
operating a helicopter for ice reconnaissance is $1.883 per hour (Lt. E Funk;
U S. Coast Guard, Ceveland, personal communication, 1984). During w nter
1983 there were only five cases of direct U S. Coast Cuard assistance, in com
parison to 139 direct assistance cases in winter 1982 (U S. Coast Cuard,

1983). In spring connecting channels of the Geat Lakes and smaller rivers
that feed into the |akes nmay becone janmed with ice as the ice on the river
moves downstream during the breakup period. The jam inpedes navigation and
may al so cause a reduction in hydropower generating capacity. Further, there
is always the potential for flooding upstreamof the ice jam The U S. Coast
CGuard did not report any ice jam breaking operations during the mld 1983

W nter because ice cover on rivers was less than nornmal and the ice breakup
period was earlier than normal. Thus there was a cost savings associated with
the operational cost of ice breakers and ice reconnai ssance aircraft.

In sharp contrast, in 1984 a ngjor ice jamdid formon the St. Clair
River in late March. During nost of April there was some flooding and pro-
| onged disruption of navigation. Estimated navigation costs associated with
the ice jamincluded 1.1 mllion dollars per day (US. Arny Corps of
Engi neers, Detroit District; personal conmunication, 1984) in addition to the
cost of operating ice breakers on the river for nearly 1 nonth in 1984.

I ce-control structures are installed each winter to aid in fornmng a
stable ice cover upstream of hydroelectric power plants and thus help prevent
or reduce the severity of such ice-related problems. One such structure, the
ice boom is located at the eastern end of Lake Erie near the head of the
Niagara River, and is described in a report by the International N agara
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Wrking Conmittee (1983). The average annual cost savings in hydrogenerating
capacity associated with the ice boom at the head of the Niagara River is
estimated to be 414,000 MWh of electric energy (International N agara Wrking
Conmittee, 1983). Thus in mld winters, such as 1983, when ice-control struc-
tures may not have been needed, this potential electric energy cost savings is
directly related to the belownormal ice cover. Further, although it is dif-
ficult to assess the dollar anount savings, the average annual savings in
el ectric energy noted above can be used to give a "ball park" estimate of the
potential savings. There were no reported ice-related hydroelectric power
losses in winter 1983 on the St. Marys, N agara, or St. Lawence Rivers as
i ndicated by annual reports issued by the U S. Arny Corps of Engineers (1983},

the International N agara Wrking Comrmittee (1983). or the St. Lawence Power
Project Report on Wnter Cperations 1982-83 (New York Power Authority, 1983).

A certain type of shore ice formation called an ice foot, described by
Zumberge and W/ son (1953}, acts as a protective barrier against high energy
waves that would otherw se cause shore erosion. The formation of ice foots
has been docunented al ong the southeastern shore of Lake Superior by Marsh et
al. (1973), along the central shore of Lake Mchigan, and along the southern
end of that |ake by Evenson (1973) and Seibel et at. (1976). respectively, and
al ong the southern shore of Lake Erie by Fahnestock et al. (1973). Shore ero-
sion has been reported in nmany of the above areas (see fig. 8) during wnter
1983 (Martin Jannereth; Mchigan Department of Natural Resources, Lansing, M;
and Donald Guy; Ohio Departrment of Natural Resources; Sandusky, OH personal
conmmuni cations, 1984). indicating that ice foot formation in these areas was
bel ow normal in winter 1983. However, the economc inpact of shore erosion in
that year is difficult to assess because of the lack of systematic neasurenent
and docunentation of shore erosion rates in nmost of the above areas in 1983
and prior years.

6. CONCLUDI NG REMARKS AND OBSERVATI ONS
6.1 Wnter 1983

Wnter 1983 on the Great Lakes was exceptional because of high air tem
peratures, which caused one of the mldest winters during the past 200 years.
Ice cover on the Geat Lakes was at or near record |low amunts on all five
| akes.  The causes of this benchmark winter in the Geat Lakes Region is a
topic for future studies. Certainly the record El Nino of 1982-83 (descri bed

by Quiroz [1983]) and the eruption of El Chichon in spring 1982 (see Wendl er
[1984]) affected the weather and likely the climate on a gl obal scale. These

events shoul d be considered in studies of the root causes of the exceptionally
mld 1983 Geat Lakes wnter.

The economic inpact of the mld winter would have been nuch greater if
the U S. econony had been stronger; in winter 1983 the econony was in a
recession. Wnter navigation was particularly depressed, and this is where
the cost savings associated with operational support activities such as ice
breaker assistance and ice reconnai ssance would have been |arge as indicated
in the per-hour operating costs of ice breakers and reconnai ssance aircraft
given in the previous section.
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FI GURE 8.——Housesouth of St. Joseph, M, abandoned because of shore erosion
{ photograph courtesy of M Jannereth).
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6.2 The 1983 Great Lakes Ice Cycle

There were three relatively long periods of low air tenperatures favor-
able for ice formation during winter 1983. The first period, January 16-21,
was associated with the passage of high-pressure centers over the Geat Lakes.
The second period of sustained |ow tenperatures, February 8-12, was associated
with an anticyclone that was centered over James Bay and drifting slowy east-
ward. The third period of low tenperatures, Mirch 22-26, was associated with
an anticyclone that followed the passage of a late winter cyclone that pro-
duced high winds and significant snowfall over the Geat Lakes.

Bay and harbor ice formation began the second week of Decenber. MId air
tenmperatures in Decenber and nuch of January, February, and Mrch confined
significant ice formation to the shore zone of the Geat Lakes. Ice usually
fornms in the midlake areas of the Great Lakes in February and March and nor-
mal |y reaches its greatest areal extent the second half of February. However,
during February and March 1983, periods of ice formation alternated with pro-
| onged periods of ice decay, resulting in much below normal ice cover. The

main body of water in each Geat Lake, and nuch of the shore zone as well, was
ice free by the end of the first week of March, except for bay and harbor ice;
this virtually ended the 1983 ice season, although the cold spell in the |ast

week of the nonth did produce some short-lived new ice cover on Lake Superior
and the northern portions of Lakes Huron and Mchigan. By the end of the
third week of April, the Great Lakes were ice free except for some bay and
harbor ice along the northern shore of Lake Superior, ending one of the

m | dest ice seasons during the past 20 years.
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